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Abstract: This study concerns the identification of a Lactobacillus acidophilus strain by conventional taxonomic techniques
(cultivation at different temperatures, different pH values, use of different carbon sources, development on different media and
determination of antibioresistance) and by molecular genetic techniques (determination of G and C content). The strain is used for
inoculation in media with ground or unground pollen and honey, in order to obtain a probiotic product. Over 72 h the glucid
consumption, cell viability and acid production is measured.
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Introduction
Lactic acid bacteria are known to be of practical
importance. One of the most important applications of
acido-lactic bacteria (LAB) is its use as probiotics. From all
LAB types, Lactobacillus has some useful characteristics
which make it useful for industrial applications (1). The
different Lactobacilli species are aerotolerant, non
pathogenic, and do not produce toxic substances or
toxins. They can resist weak acids (2), pH 3.5 – 6.5 and
the yield of lactic acid is 90%. They are highly used in
controlled fermentations (3).
The most important role of LAB is its protective role
against infections and against the colonization of
pathogen microorganism in the digestive tract. In most
cases the inoculum passively transits the gastro-intestinal
tract. The microbial interactions are mainly responsible
for the maintenance or the alteration of the intestinal
microflora of the host; they form the basis of the
mechanisms by which the stabilized microflora opposes
the stability of microorganisms that the host organism
ingests daily (4). The first line of defense of the host
against an intestinal infection consists of colonization
resistance, competitive exclusion or barrier effect. The
barrier effect of the intestinal microflora can be
preventive or curative depending on its manifestation of
pathogen organism (5). If this effect is drastic, the

undesirable bacteria are totally eliminated. If it is
permissive, then the pathogen organisms are maintained
in the gastro-intestinal tract at a population level below
one which would be attained in the absence of the barrier
effect (5). In this case, the development of the pathogenic
microorganisms is repressed but not eliminated by the
intestinal flora (6).
The probiotics can influence the unspecific immunity,
which consists of 2 systems, one which acts through the
antibodies secreted by lymphocytes B (humoral
immunity) and another which acts directly through
lymphocytes T (cell mediated immunity). The 2 systems
communicate through chemical substances named
interleukines. The increase in the specific immune
response corresponds with the activity of lymphocytes B
and T, which leads to an increase of interleukine and the
levels of circulating antibodies (immunoglobulins M and
immunoglobulins G). The probiotics also have an effect on
the production of antibodies (mainly immunoglobulins A)
in the intestinal lumen. Immunoglobulins A are very
important in the digestive tract, being the first defense
against infection, in contact with the antigens present in
the digestive tract (7). Immunoglobulins A can inhibit the
adhesion of pathogenic bacteria on the surface of the
mucus membrane of the digestive tract by the
agglutination of bacteria, fixation on adhesive proteins
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which are present on the surface of bacteria, and the
interference in the interaction of adhesive substance/
cellular receptors (8).
Lactic acid bacteria can reduce the seric content of
cholesterol, using Lactobacillus acidophilus in pigs (8).
Lactic bacteria have antitumor properties inactivating or
inhibiting the carcinogenic compounds in the gastrointestinal tract, the stimulation of the immune response,
reduction of the enzymatic activity: b-glucuronidase,
azoreductase and nitroreductase which are known to
convert precarcinogens into carcinogens (9).
Interaction of host/microorganisms occurs by enzyme
production which helps digestion (lactase), diminish
production of ammonia, amines or toxic enzymes and
favor a good functioning of the intestinal mucosa (10).
Lactic acid bacteria are an important barrier against
pathogenic microorganisms passing through the digestive
tract, preventing their colonization by blocking the
specific sites and by consuming the nourishing substrate.
The favorable microorganisms stabilize pH in the
digestive tract, obstructing the development of
pathogenic organism and favoring the growth of useful
microorganisms (11).
There are 2 ways to reduce the formation pathogenic
germs: 1. production of substances with selective
antibacterial effect (organic acids or hydrogen peroxide
which are favorable); 2. competition for the active sites
on the digestive lumen walls (usually won by the
microorganisms which are predominant).

Materials and Methods
Microorganisms. The identification studies were
performed on a Lactobacillus strain (Lactobacillus sp. 1a)
from the microorganism collection of the Centre of
Applied Biochemistry and Biotechnology – Biotehnol,
Bucharest, Romania.
Culture media. The microorganism was maintained
on a medium containing: 9% powdered milk and 0.2%
yeast extract. The culture was maintained at 4 oC for 30
days (12). The culture was revigorated by subculturing it
on MRS medium containing peptone 1%, yeast extract
0.5%, meat extract 0.5%, glucose 2%, K2HPO4 0.2%,
ammonium citrate 0.2%, sodium acetate 0.5%, MgSO4
0.01%, MnSO4 0.005% and Tween 80 0.1% (12). To
obtain a potent probiotic product number culture media
76

consisting of P1: 20 g unground pollen, 3 g honey, 5 ml
distilled water and 0.04 g inoculum; P2: 20 g ground
pollen, 3 g honey, 5 ml distilled water and 0.04 g
inoculum; P3: 20% unground pollen, 3% honey and 0.04
g inoculum; P4: 20% ground pollen, 3% honey and 0.04
g inoculum were prepared (7). It is observed that the
medium which contains ground pollen is more viscous
than that with unground pollen, although after
approximately 15-30 min, the pollen granules break due
to hydration. The essential variables are the type and
combination of available carbohydrates, the availability of
essential aminoacids and the lipid composition. The
selected media offer all essential elements for the
development of Lactobacillus strains (7,12).
Techniques of conventional taxonomy were used for
the identification of the strain. The identification and
characterization was done by morpho-physiological and
biochemical assays. The growth was measured at 570 nm
every 6 h. The probiotic properties like resistance to acid
and bile were tested in MRS medium. The culture was
also grown at different pH ranges: 3, 3.9, 5.5, 6.5, 7,
7.5 and 8. Fermentation capacity of different
carbohydrates was determined on a medium containing
(g/l): peptone 10, NaCl 5, K2PO4 0.3, bromthymol blue
(added as an alcoholic solution of bromthymol blue 0.06),
pH 6.5. The production of polysaccharides was achieved
using a medium containing (g/l): peptone 5, meat extract
10, sodium chloride 6.5, potassium nitrate 8, saccharose
8, Tween 80 1 ml at pH 7.1. Amylase activity was studied
by growing the culture in a medium containing (g/l):
peptone 1.5, sodium chloride 0.5, yeast extract 0.6,
galactose 0.5, starch 0.2, agar 2 and Tween 80 0.1 ml
(12).
Antibiotic
resistance
determination.
Antibioresistance was tested by seeding the LAB probiotic
culture on petri plates supplemented with different
antibiotics (penicillins, cefalosporins, aminoglycosides,
tetracyclins, quinolones, polypeptides, macrolides,
rifamycine, sulfamides). After seeding, the plates were
incubated at 37 ºC for maximum 48 h (12).
Genetic tests on chromosomal DNA. The isolation
of chromosomal DNA was done by the modified Johnson
method. The culture was grown on MRS for 24 h. A UVVIS spectrometer Ultraspec 2000 was used for the
determination of chromosomal DNA yield. The readings
were taken in the UV region (200-350 nm) and the
absorbance was measured at 260 nm and 280 nm for
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determining the degree of proteins. The molar
percentage G + C for the strains was calculated based on
the melting temperature (Tm). All Tm values were
determined by registering the hyperchromic effect in the
o
o
temperature range 20–100 C, with a 2 or 3 C
increment per minute. The %GC was calculated using the
Owen formula: %GC = 2.08 Tm -106.4 (12).

Results and Discussion

Determination of glucid consumption. Glucose
reacts with o-toluidine in acetic acid medium giving a
green-blue complex. The intensity of the color is directly
proportional to its concentration. There are 2 ways for
this determination: one as such or by deproteination. In
the present study the glucid consumption is determined
by deproteination.

Development of the strain
temperatures and pH values

1. Identification of the strain based on
(conventional) taxonomical methods. The aspect of
colonies on doubly stratified solid MRS medium shows
round white-cream colored colonies, in the MRS (0.7%)
semisolid layer. On microscopic examination single rods
were observed and the colonies were Gram positive.
at

different

o
The temperature was varied between 20 and 50 C
(Table 1) and pH between 3.5 and 7 (Table 2). Growth
was measured every 6 h at 570 nm on a UV-VIS
spectrophotometer Camspec M105.

The results presented in Table 1 show that the
temperature for growth has a long range between 30 and
o
o
42 C, with an optimum at 40 C. This gives a great
advantage to be used on an industrial scale.

Determination of lactic acid production. The
accumulation of lactic acid is measured in media based on
pollen and honey. The acidity was determined by titration
with 0.1 N NaOH where 1 ml corresponds to 0.009008
g of lactic acid.

For determining the optimal pH range the culture was
grown in media with varying pH values from 4.5 to 6.5.

Table 1. Growth of probiotic Lactobacillus sp. with varying time and temperatures on MRS
medium.
O.D. at 570 nm with time (h)
Temperature
(0C)

6 hours

12 hours

18 hours

24 hours

20
30
37
40
42
50

0.35
0.45
0.51
0.55
0.5
0.32

0.43
0.96
0.98
1.02
0.88
0.41

0.6
1.73
1.8
1.96
1.56
0.86

0.78
2.26
2.4
2.6
1.96
0.86

Table 2. Growth of the culture of Lactobacillus sp. at different pH values in MRS medium.
Absorbance at 570 nm with time (h)
pH

3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00

6 hours

12 hours

18 hours

24 hours

0.80
0.75
0.83
0.90
0.89
0.76
0.80
0.69

1.23
1.54
1.40
1.60
1.62
1.56
1.54
1.23

1.50
1.92
1.75
1.99
1.90
1.87
1.90
1.50

1.81
2.00
2.23
2.34
2.25
2.20
2.10
1.75
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Use of carbon sources
0

The study was performed on MRS media at 40 C.
The study proves that saccharose, maltose, lactose,
fructose, dextran, galactose and mannose could be
hydrolyzed by the culture where xylose, raffinose,
arabinose, sorbose were not utilized.
Development of the strain on different media
The probiotic isolate is resistant to bile salts (3%). It
eliminates H2S, hydrolyzes starch, but does not reduce
tetrazolium salts and does not produce polysaccharides.
Determination of antibioresistance
The literature shows that the Lactobacillus species are
resistant to antibiotics. This gives an advantages as it can
maintain the gut microflora in patients under antibiotic
treatment. The culture isolate is found to be resistant to
the following antibiotics: penicillin, amoxicillin, oxacillin,
gentamicin, streptomycin, tetraciclin, and clindamycin;
the probiotic isolate is found to be sensitive to neomycin,
and kanamycin.
With all the biochemical assays and microbiological
tests the strain can be characterized as a Lactobacillus
acidophilus species, as Lactobacillus acidophilus 1a.
2. Identification of the strain based on molecular
genetic data. The culture was also identified on the
molar GC content. After DNA extraction, it gives minimal
RNA contamination and a minimal degree of
contamination with proteins (A260/280 = 2.07). The
DNA concentration is found to be optimal (107.3 mg/ml).
Values of melting temperature Tm and of the molar GC
percentage (%GC) are shown in Table 3.
According to the literature (12) with the results
obtained the strain is identified as Lactobacillus
acidophilus. This is in good agreement with the results
obtained by the conventional taxonomic methods.
3. Preparation of the probiotic product. The media
used for manufacturing the probiotic product had pollen
as a principal component (polyflower or from mountain
flowers). Studies were directed towards finding an
optimal composition of the medium based on pollen and

honey, considering also their nutritive effect. The pollen
was used as such or was ground in a coffee grinding
machine for obtaining optimal pollen based cultivating
media for Lactobacillus acidophilus 1a strain. It was
observed that the hydration of the media is very
important as it leads to the desintegration of the pollen
granule, and are useful substances released into the
medium when unground pollen is used and the
disintegration of the pollen granule is by the hydrolytic
action of microorganisms. The idea is to obtain a medium
where a minimum amount of water is used. The studies
were conducted with unground and ground pollen media
for optimum growth of the LAB strain isolate. At the
beginning P1 and P2 media were used simultaneously and
hydrated slightly to dissolve honey and hydrate the added
pollen.
Table 4 presents the colony forming units and glucids
consumption on 4 different media. It can be seen that on
P1 at 24 h a lower consumption is observed, while on P2
glucids consumption is lower by 6 mg/100 ml than on P1.
It was found that grinding of pollen had a positive effect
on the microorganism. After 48 h, similar results were
found but the difference was lowered by 4 mg/ml, while
after 72 h the difference was still 2 mg/100 ml. The
descending trend is seen until 72 h.

Table 4. Consumption of reducing glucids, the viability and
accumulation of lactic acid on P1, P2, P3, P4 media.

Medium

P1

P2

P3

Time

The glucid
consumption
(mg/100 ml)

CFC x 106/ml

Lactic acid
(%)

24

85

4.8

2.4

48

63

5.3

5.0

72

49

7

8.9

24

79

4.7

3.5

48

59

5.5

6.3

72

47

7.6

9.5

24

47

4.8

0.9

48

35

5.5

1.4

72

26

6.7

2.2

24

45

5

1.7

48

27

5.7

2.2

72

12

7.4

3.1

Table 3. Tm values and molar GC percentage.
Strain
Lactobacillus acidophilus 1a
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Tm
67.90

%GC
34.83

P4
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The viability on P2 after 24 h is similar to that
obtained on P1. In the next 24 h the multiplication of the
microorganism exceeds the values obtained on P1. At 24
h the viability values are almost identical, these are not
influenced by the pollen form, ground or unground. At 72
h viability on P2 medium is significantly larger than on
P1.
Table 4 shows that the accumulation of lactic acid is
related to the glucose consumption. A better
accumulation is observed on P2 at 24 h with
approximately 1%. The difference between the
accumulation on the 2 media is slightly larger after 48 h,
while after 72 h this difference decreases significantly
becoming less than 1%. The decrease in this difference in
the last 24 h can be due to the fact that, in time, the L.
acidophillus strain becomes more and more adapted to
the medium with unground pollen, and by time hydration
of the pollen granules, they break the medium, becoming
more and more identical to P2.
The hydration, in comparison with that of classical
media has a positive influence on the development of the
microorganism and stimulates glucid consumption. In low
hydrated media, better results are obtained on P4, which
contains unground pollen. At 24 h the glucid content in
the media is similar, the difference being very small. The
viability of the strain has the same evolution, better
results being obtained on P4 medium. In the first 48 h of
fermentation, viability on P4 medium is constant but at
the end of 72 h P4 offers better development conditions
to the L. acidophillus strain and consequently results are
1 x 106/ml better than on P3.
Lactic acid is accumulated on P3 and P4 media, with
maximum better results being obtained when ground
pollen is used (Table 4). The difference between the 2
media is maintained at all times. The relationship between
lactic acid accumulation and glucose consumption is not
proportional. This fact can be interpreted as a greater
glucose consumption that ensures a better viability of the
strain on P4. Physical properties (humidity, grinding
degree) of the starting material, in this case pollen, play
a major role in obtaining higher yield of lactic acid
resulting more efficient utilization of the reducing glucids.
This can be observed by evaluating the time required to
attain an optimal quantity of lactic acid on P1 and P3
media and on the other hand on P2 and P4 media.

Active microorganisms interact intensely with the
surrounding medium constituents resulting in the
formation of metabolic products. Chemical composition
of the products is of paramount importance for the
metabolic activity of microorganisms. The physiological
state of probiotics is of special importance when
fermentation is considered finished. Numerous
investigations have shown that bacteria which are in the
logarithmic phase are much more sensitive to the
surrounding stress than the bacteria in the stationary
phase. In the experiments with starter organisms it is
observed that factors of the surrounding medium and the
signals of bacteria when passing from the logarithmic to
the stationary phase can have a considerable effect on the
survival rate during stationary phase.

Conclusions
The above work has shown that the colonies on solid
doubly layered MRS medium are white-cream, round, and
are rods microscopically being Gram positive. The optimal
development temperature is 30–42 oC and the optimum
pH range is 4.5-6.5; the tested strain develops on media
that contain saccharose, maltose, lactose, fructose,
dextran, galactose, and mannose, and the unused carbon
sources are xylose, raffinose, arabinose, sorbose; the
strain is resistant to bile salts, liberates H2S, hydrolyzes
starch, but it does not reduce tetrazolium salts and does
not produce polysaccharides; the strain is resistant to
penicillin, amoxicillin, oxacillin, gentamycin, streptomycin,
tetracycline, clindamycin. The strain is found to be
sensitive to the neomycin and kanamycin. According to
conventional taxonomy data and the molecular genetic
results, the GC percentage being 34.83, the strain can be
classified as belonging to the Lactobacillus acidophilus
species.
The benefic effects of pollen on health associate with
the positive effect played by the microbial biomass. The
optimum pollen medium is the one that contains water,
best results are obtained on P1 and P2. For determining
this optimum, the commercial availability of the microbial
strains was considered. A very important factor is
represented by the obtaining of high viability values on
media with less water.
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In conclusion, the media with less water are optimal
for obtaining the target product. The quantity of
biosynthesized lactic acid is also very important because
its presence is a guarantee of preserving the sterility of
the probiotic product.
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